Abstract Sensitivity to noncontrastive subphonemic detail plays an important role in adult speech processing, but little is known about children's use of this information during online word recognition. In two eye-tracking experiments, we investigate 2-year-olds' sensitivity to a specific type of subphonemic detail: coarticulatory mismatch. In Experiment 1, toddlers viewed images of familiar objects (e.g., a boat and a book) while hearing labels containing appropriate or inappropriate coarticulation. Inappropriate coarticulation was created by cross-splicing the coda of the target word onto the onset of another word that shared the same onset and nucleus (e.g., to create boat, the final consonant of boat was cross-spliced onto the initial CV of bone). We tested 24-month-olds and 29-month-olds in this paradigm. Both age groups behaved similarly, readily detecting the inappropriate coarticulation (i.e., showing better recognition of identity-spliced than cross-spliced items). In Experiment 2, we asked how children's sensitivity to subphonemic mismatch compared to their sensitivity to phonemic mismatch. Twenty-nine-month-olds were presented with targets that contained either a phonemic (e.g., the final consonant of boat was spliced onto the initial CV of bait) or a subphonemic mismatch (e.g., the final consonant of boat was spliced onto the initial CV of bone). Here, the subphonemic (coarticulatory) mismatch was not nearly as disruptive to children's word recognition as a phonemic mismatch. Taken together, our findings support the view that 2-year-olds, like adults, use subphonemic information to optimize online word recognition.
Adult language processing is characterized by an acute sensitivity to fine-grained subphonemic acousticphonetic detail. For example, adult word recognition is hindered by misleading coarticulatory information on vowels (e.g., Dahan, Magnuson, Tanenhaus, & Hogan, 2001; McQueen, Norris, & Cutler, 1999; Whalen, 1991) and affected by subcategorical variation in consonant duration (e.g., McMurray, Tanenhaus, & Aslin, 2002; Shatzman & McQueen, 2006) . Because the extraction of subphonemic detail from speech is thought to optimize adult online word recognition (e.g., Spinelli, McQueen, & Cutler, 2003) , it seems likely that developing efficient word recognition abilities in childhood may also involve attention to subphonemic detail. However, to date, there has been very little work examining the development of children's sensitivity to this type of information during online spoken word recognition.
Instead, much of the infant speech perception literature has focused on determining how and when infants identify the segments that are contrastive in their native language (e.g., Houston, 2011; Johnson, 2016; Werker & Hensch, 2015; Werker & Tees, 1984) . This work has shown that by the time children reach their first birthday, they are already more attentive to segmental contrasts that signal differences between lexical items in their native language than to contrasts that do not (e.g., the speech sounds /l/ and /r/ are phonemically contrastive in English, but not in Japanese). Although there is some variability in how easily infants appear to learn different contrasts (e.g., Narayan, Werker, & Beddor, 2010) , in general it seems that the faster infants become attuned to the sounds that signal phonological contrasts in their native language, the stronger their later language abilities (Kuhl, Conboy, Padden, Nelson, & Pruitt, 2005; Tsao, Liu, & Kuhl, 2004) . There is also evidence that children, like adults, can use phonemic detail to recognize words as the speech signal unfolds (Fernald, Swingley, & Pinto, 2001; Swingley, 2009; Swingley & Aslin, 2002) , and that the efficiency with which children do this gradually improves over the first few years of life (Fernald, Pinto, Swingley, Weinberg, & McRoberts, 1998) .
Although we know a great deal about children's sensitivity to phonemic contrasts in their native language (e.g., the difference between the vowel in boat and the vowel in bat), we know much less about children's attention to noncontrastive subphonemic variation (e.g., the difference in the realization of the vowel in boat and bone-although the vowel is phonemically the same in both words, it is colored differently by the articulatory overlap with the following oral vs. nasal coda consonant). Understanding the development of children's sensitivity to subphonemic detail in online word recognition is important because the use of this information is essential to achieving adult-like proficiency in spoken language processing (e.g., McQueen, 2007) . Several studies have examined infants' (Curtin, Mintz, & Byrd, 2001; Fowler, Best, & McRoberts, 1990; Johnson, 2003; Johnson & Jusczyk, 2001; McMurray & Aslin, 2005) and young children's (Dietrich, Swingley, & Werker, 2007; Fisher, Hunt, Chambers, & Church, 2001 ) sensitivity to subphonemic or noncontrastive variation in offline tasks, but very little work has examined whether young children can use subphonemic information to optimize online word recognition. The few studies that do exist on this topic ask the same question: Can children use coarticulatory information to predict upcoming words? The results of these studies have not been clear.
Some studies have suggested that toddlers (Mahr, McMillan, Saffran, Weismer, & Edwards, 2015) and young children (Zamuner, Moore, & Desmeules-Trudel, 2016) can use coarticulatory information in this manner, whereas other studies have found no evidence that 2-year-olds' use of this type of information (Minaudo & Johnson, 2013) .
In this study, we investigate 2-year-olds' sensitivity to subphonemic information during online word recognition using a different approach. Rather than asking whether toddlers can use noncontrastive subphonemic information to anticipate upcoming words in the speech stream, we use a child-friendly eye-tracking procedure (also referred to as the Looking-While-Listening Procedure) to ask whether toddlers can detect coarticulatory mismatches in the realization of vowels in familiar words. In Experiment 1, we compare children's recognition of known words when the initial consonant and vowel of the words are identity-spliced with a different token of the same word (e.g., the final C of one token of boat was spliced onto the initial CV of another token of boat) to instances where these same known words are cross-spliced with a different word (e.g., the final C of boat was spliced onto the initial CV of bone). Adult studies using a similar methodology have reported that adult word recognition is hindered when words contain inappropriate, or mismatching, coarticulation (Dahan et al., 2001; McQueen et al., 1999; Whalen, 1991) . Thus, we reason that if 2-yearolds are sensitive to noncontrastive subphonemic information during online word recognition, then they should identify cross-spliced items (containing inappropriate coarticulation) less efficiently than identity-spliced items (containing appropriate coarticulation). In addition, we explore the possibility that children's ability to detect coarticulatory mismatch may improve with age by comparing performance across two different ages: 24-montholds and 29-month-olds.
In Experiment 2, we compare 2-year-olds' sensitivity to subphonemic and phonemic mismatch during online word recognition. Here, we reason that if children's early representations are overspecified (as has been argued for younger children; e.g., Werker & Curtin, 2005) , then both subphonemic and phonemic mismatches might be equally disruptive to 2-year-olds' word recognition.
Experiment 1
The Looking-While-Listening Paradigm was used to investigate how efficiently 2-year-olds recognize familiar words presented with appropriate versus inappropriate vowel coarticulation. On each of 24 trials, children viewed images of two familiar objects (e.g., a boat and a book) while being asked to look at one of the objects (e.g., "Can you find the boat?"). Two-thirds of the trials contained identity-spliced tokens, in which the coda of the target word was spliced onto the onset and vowel of another token of the same word (so that the coarticulatory cues in the vowel matched the upcoming coda-final consonant(s)). The remaining one third of the trials contained cross-spliced tokens, where the coda of the target word was spliced onto a token of another word containing the same onset and vowel (e.g., the coda-final consonant in boat was spliced onto the initial CV of bone). As a result, the vowel in these tokens of the target word contained inappropriate coarticulatory cues to the upcoming coda-final consonant.
We predicted that if 2-year-olds are sensitive to subphonemic changes to vowel coarticulation, then we should observe more efficient word recognition during Identityspliced than Cross-spliced trials. Moreover, if sensitivity to fine-grained phonetic detail improves as children age, then the older 2-year-olds should exhibit a bigger difference in their word recognition performance on Cross-spliced trials compared to Identity-spliced trials than the younger 2-year-olds (i.e., the mismatching coarticulatory cues in the cross-spliced stimuli should hinder word recognition more in the older children than the younger children).
Method
Participants Thirty-six 24-month-old (M age = 739 days; range = 704-790; 16 females) and twenty-four 29-monthold (M age = 872 days; range = 826-910; 14 females) monolingual English-learning children were tested (all had at least 90 % English input). Fourteen additional children were tested but excluded from the study due to disinterest or fussiness (11), parental interference (1), or experimenter error (2).
Materials, apparatus, and procedure Target words consisted of 24 C(C)VC(C) monosyllabic nouns commonly known by 2-year-olds. To facilitate the creation of crossspliced items, targets were chosen with the constraint that another noun in English had a matching onset and nucleus, but mismatching coda (see Appendix 1 for a list of target words and their splicing counterparts). Note that some of the splicing counterparts were words commonly known by 2-year-olds (e.g., bite), but most of them were likely unknown by our participants (e.g., plague).
The targets and their splicing pairs were recorded in child-friendly carrier phrases (e.g., "Oh! Can you find the [target]? Isn't it pretty?" or "Look! Do you like the [target]? Amazing, eh?") by a native English-speaking female. Target words always occurred in utterance-final position and were followed by a clear pause and then an ending phrase (e.g., "Amazing, eh?"). Because the articulation for adjacent segments overlap, some criteria were needed for deciding when one segment ended and the next one began. Stop closures were considered part of the coda consonants. Boundaries between vowels and nasals were identified by attending to formant trajectories as well as the point at which there was a marked decrease in intensity. Cross-spliced stimuli were created by splicing the coda of the target word onto the onset and nucleus of its splicing pair. Identity-spliced targets were created by splicing the coda of the target word onto the onset and nucleus of another token of the same target word. To avoid the introduction of splicing artifacts, all splicing was done using Praat (Boersma & Weenink, 2016) at zero crossings so that no pops were audible.
Since cues to the identity of the final consonant can occur in the preceding vowel (e.g., formant transitions, vowel length), an adult rating study was conducted to ensure that adults perceived the cross-spliced stimuli as instances of a subphonemic rather than phonemic mismatch. Using a forced-choice task, we presented the set of tokens to native English-speaking adults (N = 12) and asked them to identify whether the word they heard was the target word or the splicing pair that was used to create that word (e.g., the words boat and bone would appear on the screen, and participants would hear the cross-spliced token of boat containing the mismatching coarticulatory information on the vowel). For the crossspliced items, adults overwhelmingly chose the target word over the splicing pair (M = 94 %, SD = 6.48), indicating that the cross-spliced items contained subphonemic rather than phonemic changes and were appropriate stimuli for our toddler study.
The visual stimuli consisted of 12 pairs of still images presented side-by-side on a white background. The images were matched in size. The visual complexity of the images was matched as closely as possible by attending to how intricate the images were and by relying on our past experience working with children (e.g., knowing that a 2-year-old will typically find a ball far more interesting than a box, regardless of how visually complex the box is). To make the word recognition task more challenging for children and to encourage them to attend to the vowels rather than just the onset consonants, 11 of the 12 image pairs were matched in their onset (e.g., a boat and a book). Each child saw each image pair twice, with a different object labeled on the two occasions. Thus, the image that served as the target in one trial served as the distractor in another.
During the experiment, the child was seated on his or her caregiver's lap, facing a large TV screen in the center of an Industrial Acoustics Corporation (IAC) sound-attenuated booth (see Fig. 1 ). A 2 s flashing white star on a black background was presented before each trial to attract the toddler's attention to the center of the screen. Each trial lasted 6 s. The images appeared at the beginning of the trial, and the target words occurred exactly 3 s into the trial. Because the two items depicted on the screen were matched in onset, the average disambiguation point was 102.9 ms (SD = 80.5 ms) after word onset. Caregivers were asked to wear headphones and listen to masking music to prevent them from biasing their child's responses. Children's eye movements were recorded for offline coding by a camera situated below the television screen. After the experiment, parents completed the MacArthur-Bates Communicative Developmental Inventories-Words and Sentences form (CDI; Fenson et al., 2007) .
Design Three experimental lists were created, each containing eight Cross-spliced and 16 Identity-spliced trials. The assignment of words to the Cross-spliced versus Identity-spliced trials was counterbalanced across lists. Each participant was tested on one of two randomized orders of a list and heard every target item once in either an Identity-spliced or a Crossspliced trial (i.e., no child heard the same word as both crossspliced and identity-spliced).
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Coding and analysis Each 30 ms frame was coded as a look to the left image, or to the right image, or neither. All coding was done with the audio track disabled so that the coder was blind to both the target location and the trial type. Four randomly selected videos were recoded by a second coder, and reliability was high (Mean r = .96, SD = .04).
Children's looking behavior was analyzed in the 1 s window of analysis starting 500 ms after target word onset. Although preferential looking studies often use a window of analysis between 1,500-2000 ms in length (e.g., Swingley, 2009; Swingley & Aslin, 2002) , we chose to use a shorter, 1,000 ms window of analysis as we expected that any agerelated differences between children's looks to identityspliced and cross-spliced items might be fleeting. 2 We began our window of analysis 500 ms after target word onset because we deemed that looks prior to this point were unlikely to be driven by recognition of the target item. We based this decision on the fact that listeners need time to program an eye movement (e.g., Swingley & Aslin, 2000) , and it takes longer to recognize words in eye-tracking studies when the two images on the screen have the same rather than different onsets (see Dahan et al., 2001 , for a similarly timed window of analysis in an adult eye-tracking study using a closely related design).
Results
The looks to target in the 1 s window of analysis beginning 500 ms after target word onset were examined using a weighted empirical-logit regression in a linear mixed effects model (Barr, Gann, & Pierce, 2011) . The model was implemented using the lme4 package of the statistical software R 3.2.2 (Bates et al., 2015; R Development Core Team, 2015) using two deviation-coded independent variables, Trial Type (-1: Identity-spliced, 1: Cross-spliced) and age group (-1: 24-month-olds, 1: 29-month-olds). The model included Trial Type, Age, and the Age × Trial Type interaction as fixed effects. Following the Barr, Levy, Scheepers, and Tily (2013) paper on model selection, we used a maximal structure of random effects including random intercept and Trial Type slopes for participants as well as random intercept, Age, Trial Type, and Age × Trial Type slopes for items. For the fixed effects we report b, standard error, t values, and p values calculated using Satterthwaite approximations to degrees of freedom and implemented in lmerTest package (Kuznetsova, Brockhoff, & Christensen, 2015) .
There was a significant main effect of Trial Type (Identityspliced vs. Cross-spliced), b = -0.09, SE = 0.04, t(345.2) = -2.42, p = .016, and Age (24-month olds vs. 29-month-olds), b Fig. 1 Using the looking-while-listening paradigm, 24-and 29-montholds were presented with two side-by-side images of familiar nouns. The target and distractor images were matched in word onset (e.g., boat and book) and were accompanied by a phrase labeling one of the objects = 0.09, SE = 0.04, t(72.7) = 2.35, p = .022, but no interaction, b = -0.01, SE = 0.04, t(179.6) = -0.24, p = .814. The older 29-month-olds showed better recognition of the words, regardless of trial type. However, both the younger and the older children looked longer to the target in Identity-spliced trials than Crossspliced trials (see Fig. 2 ). Thus, although we found clear evidence that 2-year-olds are sensitive to subphonemic mismatch, we found no evidence to support our hypothesis that children become more sensitive to this information over the course of the second year of life. We also note that although this experiment was not designed to look at the effects of individual items, for the majority of the items (i.e., 17 out of 24 items) children looked more to the target upon hearing the identity-spliced compared to the cross-spliced tokens (see Fig. 3 ). In the model, our effects hold regardless of the individual differences between items (which were included as random effects in the model).
Experiment 2
In Experiment 1, we found that both 24-and 29-monthold children readily detect inappropriate vowel coarticulation in familiar words. This could be taken as evidence that children, like adults, are sensitive to coarticulatory information in the speech signal. However, many questions regarding children's perception of noncontrastive coarticulatory mismatch remain. Although our findings fit with the notion that children have well-specified representations of familiar words, well-specified words are not necessarily adult-like. Indeed, it is possible that children's representations could be overspecified, such that inappropriate coarticulation may disrupt word recognition as much as, for example, a familiar word spliced with an inappropriate vowel (for a discussion of possible overspecification in early lexical representations, see Singh, White, & Morgan, 2008; Werker & Curtin, 2005) . That is, children may weigh coarticulatory mismatch as strongly as a vowel mismatch where, for example, the CV of boat is replaced with the CV from bait.
In Experiment 2, we explored this possibility by comparing 29-month-olds' recognition of words that contain inappropriate coarticulation to words that contain a phonemically different vowel. We will henceforth refer to these two conditions as Subphonemic Mismatch and Phonemic Mismatch. Subphonemic mismatches were created in the same way as they were in Experiment 1. To create the phonemic mismatches, the coda of a target word was cross-spliced onto the onset and nucleus of a word with a different vowel (e.g., the final consonant of boat was spliced onto the initial CV of the word bait). As outlined in the Method section, the procedure in Experiment 2 differed in several key respects from Experiment 1. Most importantly, rather than seeing two familiar objects on the screen, on each mismatch trial participants saw one familiar object and proportion of looks to the target in the 1 s window of analysis beginning 500 ms after word onset for both trial types one novel object. We reasoned that if children perceived the labels provided in the Phonemic Mismatch trials to be an unacceptable pronunciation of a familiar word, then they should look to the novel object as a possible referent. For example, if children saw a boat and a novel object, and heard the label bait, then they might look to the novel object as a possible referent for the word bait (assuming they do not know the word bait; see , for use of a similar design to examine children's sensitivity to phonemic mispronunciations). We predicted that if children are categorizing subphonemic mismatches in an adult-like manner, then word recognition should be more disrupted when target words contain a phonemic mismatch compared to a subphonemic mismatch. However, if children's representations are overspecified, then a subphonemic mismatch may be just as disruptive as a phonemic mismatch.
Method
Participants Twenty-four 29-month-old (M age = 893 days; range = 851-914; 11 females) monolingual Englishlearning children were tested (all had at least 90 % English input). The data from three additional participants were excluded from the study before coding due to a diagnosed language difficulty (1) and fussiness (2).
Materials, apparatus, and procedure The targets and their subphonemic and phonemic splicing pairs were recorded by the same female monolingual English speaker who recorded the materials for Experiment 1.
A subset of the target words from Experiment 1 were chosen to be targets in Experiment 2, and the remaining words were used as fillers. Rather than reusing a subset of the stimuli recorded for Experiment 1, the entire set of tokens was re-recorded in a single recording session to ensure that all Experiment 2 materials were matched in recording quality. The subphonemic mismatches were spliced in the same way as they were in Experiment 1. The phonemic mismatches were created by splicing the coda of a target word onto the onset and nucleus of a word with a different vowel (e.g., the final consonant of boat was spliced onto the initial consonant and vowel of the word bait). The words selected for the phonemic mismatches were either nonsense words or words that are unlikely to be known by 29-month-olds. For a complete list of target words and their phonemic and subphonemic splicing pairs, see Appendix 2.
Similar to Experiment 1, the visual stimuli consisted of 12 pairs of still images presented side-by-side on a white background. To test whether the mismatches were prominent enough to signal a novel label, the subphonemic and phonemic targets were depicted alongside an image of a novel object (e.g., a garlic press) instead of a familiar object. Filler trials consisted of two images of known objects.
Design Four experimental lists were created, each containing five Phonemic (vowel) Mismatch trials, five Subphonemic (coarticulatory) Mismatch trials, and 14 filler trials. The assignment of words to the Phonemic Mismatch versus Subphonemic Mismatch trials was counterbalanced across Fig. 3 Mean difference between looks to target in the Identity-spliced versus Cross-spliced trials by item. Note: This experiment was not originally designed to look at the effects of individual items. Each bar represents the difference between the looks to the target for the two-thirds of participants that heard the identity-spliced token (n = 40) minus the looks to the target for the third that heard the cross-spliced token of that item (n = 20) lists. Each participant heard the 10 target items once with either a phonemic mismatch or a subphonemic mismatch.
Coding and analysis Coding was done in the same manner as in Experiment 1. Four randomly selected videos were recoded by a second coder, and reliability was high (Mean r = .98, SD = .02).
Results
We know that children have a strong tendency to fixate the known object when there is a known and a novel object on the screen (Schafer, Plunkett, & Harris, 1999; . Thus, similar to White and Morgan (2008) , we accounted for these strong baseline preferences by comparing the looks to the target in the baseline time period (in this case, the 3 s window before word onset) to the 3 s time period after word onset (critical windo w) for b oth of our trial t ypes (Subphonemic vs. Phonemic Mismatch). We ran a weighted empirical-logit regression in a linear mixed effects model (Barr et al., 2011) using the lme4 package of the statistical software R 3.2.2 (Bates et al., 2015; R Development Core Team, 2015) . Before running the model, we deviation coded the independent variables Time Window (-1: baseline, 1: after word onset), Trial Type (-1: Subphonemic Mismatch, 1: Phonemic Mismatch). The model included Time Window, Trial Type and the Time Window × Trial Type interaction as fixed effects. Following the Barr et al. (2013) paper on model selection, we used a maximal structure of random effects, including random intercept and Time Window, Trial Type, and Time Window × Trial Type slopes for participants as well as for items. For the fixed effects we report b, standard error, t tests, and p values calculated using Satterthwaite approximations to degrees of freedom and implemented using the lmerTest package (Kuznetsova et al., 2015) . Because the Time Window (before and after word onset) was entered into the model, we were no longer interested in the main effect of Trial Type but rather the interaction between Trial Type and Time Window. As expected, there was a main effect of Time Window, b = 0.17, SE = 0.06, t(8.95) = 2.82, p = .020, and Trial Type, b = -0.17, SE = 0.05, t(15.02) = -3.53, p = .003. Most importantly, there was a significant interaction between Time Window and Trial Type, b = -0.10, SE = 0.04, t(18.80) = -2.20, p = .041. The interaction indicates that children increased their looks more to the target in the critical window after word onset when there was a subphonemic compared to a phonemic mismatch (see Figs. 4 and 5) . This supports our hypothesis that although a coarticulatory mismatch is noticeable, it does not disrupt children's word recognition as much as a phonemic mismatch. To determine if children were looking at the novel distractor more during the Phonemic Mismatch trials, the weighted empirical-logit regression in a linear mixed effects model described above was rerun with looks to the distractor as the dependent variable (instead of looks to the target). Here, we found no main effect of Time Window, b = 0.04, SE = 0.06, t(9.58) = 0.71, p = .495, but there was a main effect of Trial Type, b = 0.16, SE = 0.04, t(13.25) = 3.73, p = .002. Most importantly, there was a significant interaction between Time Window and Trial Type, b = 0.12, SE = 0.05, t(11.86) = 2.55, p = .026, indicating that children looked significantly more to the distractor when there was a phonemic mismatch compared to when there was a coarticulatory mismatch.
General discussion
In this study, we asked two questions: (1) are 2-yearolds sensitive to inappropriate coarticulation (i.e., subphonemic mismatch) during online word recognition (Experiment 1), and (2) if so, how does the effect of a subphonemic mismatch compare to the effect of a phonemic mismatch (Experiment 2)? Our results clearly indicate that by 24 months of age, children are already sensitive to subphonemic mismatches during online word recognition. Moreover, we have shown that although 2-year-olds readily detect a subphonemic mismatch in the speech signal, this sort of mismatch does not disrupt word recognition nearly as much as a phonemic mismatch. These findings lead us to conclude Much work in the area of developmental speech perception has been aimed at understanding when and how children learn to focus their attention on the speech sounds that signal lexical contrasts in their native language (e.g., Narayan et al., 2010; Werker & Tees, 1984) . Indeed, learning to "ignore" contrasts that do not signal lexical differences is often seen as a crucial step towards acquiring the native language phonology, but adult research has shown that subphonemic detail in the speech signal carries very useful information that can facilitate rapid decoding of the speech signal (e.g., Shatzman & McQueen, 2006) . Thus, it seems reasonable to ask how well and when in development children detect this information during online word recognition. In Experiment 1, we examined 2-year-olds' sensitivity to a specific type of subphonemic detail: coarticulatory mismatch (e.g., the sort of mismatch that occurs when an anticipatory velar gesture for a nasal consonant is present in a vowel, but no nasal consonant follows). We predicted that sensitivity to subphonemic detail might increase with age. However, we found that both 24-and 29-month-olds readily detected subphonemic mismatch in familiar words, suggesting that children's sensitivity to subphonemic mismatch is in place long before they develop an extensive lexicon.
Given these results, one could speculate that sensitivity to coarticulatory mismatch may be present from birth. That is, infants may have an inborn understanding of how speech articulators are generally coordinated when speakers vocalize. At the same time, one could also speculate that sensitivity to coarticulatory mismatch is (at least partially) driven by experience listening to the speech signal. Perhaps we would have seen a change in sensitivity to subphonemic mismatch over the course of development if we had tested slightly younger children (e.g., 18-month-olds rather than 24-month-olds). It is also possible that children might demonstrate greater sensitivity to coarticulatory mismatch in high frequency words than in newly learned words. If this were the case, then perhaps vocabulary size might have been a better predictor of sensitivity to subphonemic detail than age (e.g., Van Heugten, Krieger, & Johnson, 2015) . However, when we examine the relationship between children's sensitivity to coarticulatory mismatch and the size of children's vocabulary in Experiment 1, we find no support for this hypothesis, r(56) = .02, p = .874.
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Although the results of Experiment 1 suggest that children have well-specified representations of familiar words, these representations are not necessarily adult-like (see Singh et al., 2008 , for a discussion of possible overspecification in early lexical representations). Indeed, it is possible that children's representations could be overspecified, such that inappropriate coarticulation may disrupt word recognition as much as, for example, a familiar word spliced with an inappropriate vowel. If this were the case, overattention to subphonemic detail could actually slow down word recognition by toddlers. In Experiment 2, we addressed this issue by presenting 2-yearolds with labels that contained either a phonemic mismatch (i.e., containing the wrong vowel or diphthong, such as bait for boat) or a subphonemic mismatch. Our results demonstrate Increase from baseline in the proportion of looks to target after word onset for the Subphonemic Mismatch and Phonemic Mismatch trials by item. Note that children heard each word produced with either a subphonemic or a phonemic mismatch, thus, each bar represents the mean increase in the proportion of looks to target in the subset of the sample (n = 12) that heard that particular token that word recognition was far more disrupted when the target word contained a phonemic mismatch than when it contained a subphonemic mismatch, suggesting that children may treat noncontrastive subphonemic changes as less of a deviation from the canonical pronunciation of a word than a phonemic mispronunciation. This finding supports the notion that 2-year-olds may be using subphonemic information in an adult-like manner as the speech signal unfolds.
A key methodological difference between Experiment 1 and Experiment 2 was that the former experiment presented children with two known objects whereas the latter presented them with one known object and one novel object. Experiment 2 was designed in this fashion so that we could test whether children would consider words with phonemic (but not subphonemic) mismatches as labels for the novel object rather than just unusual pronunciations of familiar words. Indeed, we found that when children heard a phonemic mismatch, their looks to the novel distractor increased, whereas when they heard a subphonemic mismatch, their looks to the distractor decreased. This is evidence that although the subphonemic mismatches hindered children's recognition of the words, they were not enough of a deviation from the canonical pronunciation to elicit looks to the novel distractor. However, when children heard a phonemic mismatch, they looked more towards the novel distractor, indicating that these types of mismatches might be perceived as novel words.
Based on our findings from Experiments 1 and 2, we conclude that 2-year-olds likely possess adult-like sensitivity to coarticulatory mismatch. However, additional work could be done to more fully support this assertion. For example, adult studies have shown both the target label and its splicing partner present in the visual array at the same time (Beddor, McGowan, Boland, Coetzee, & Brasher, 2013; Dahan et al., 2001 ). In our study, the splicing partner was never shown on the screen (e.g., children were shown a boat and a book, not a boat and a bone, when hearing a cross-spliced token consisting of the initial CV of bone and the final C of boat). Future research is needed to examine whether children behave in the same way when the splicing partner is visually present on the screen. Another aspect of our study that differs from many adult studies is that our study was not designed to ask whether the lexical status of the splicing pair might impact children's behavior in the same way that it impacts adult behavior. Adult studies have shown that due to lexical competition, subphonemic mismatches are more disruptive to word recognition if the target is cross-spliced with another real word rather than a nonsense word (e.g., neck is harder to recognize when spliced with net than when spliced with nep; Dahan et al., 2001) . Although our splicing pairs were all real words in English, many of them were likely unknown by our 2-year-old participants. Thus, although our study was not designed to examine how lexical status of the splicing partner impacts sensitivity to coarticulatory mismatch, we can at least investigate whether our findings might support the idea that children behave like adults in this respect. Based on parental report, we identified the four targets cross-spliced with words that the children in our study were most likely to know (i.e., bite, cut, lid, bone), and the 10 targets crossspliced with words that the children in our study were least likely to know (i.e., teak, plague, goon, fiend, sod, ban, hound, gnome, hack, tone). The remaining words, that parents gave the most mixed responses for in terms of whether their children knew them or not, were excluded from the analysis (e.g., Coke). This admittedly post-hoc analysis revealed no evidence that the subphonemic mismatches hindered 2-year-olds' performance more when the nontarget word used for crosssplicing was known versus when it was not known, t(59) = 0.37, p = .710. Interestingly, however, when we limited our analysis to the 29-month-olds, we found a trend in the expected direction, with recognition of targets cross-spliced with familiar words being harder to recognize than those cross-spliced with unfamiliar words, t(23) = 1.83, p = .080. 4 Thus, one could speculate that the processing of subphonemic mismatch may be more adult-like in older children. Future studies should explore this possibility with stimuli specifically designed to address this question (e.g., Do children recognize bike faster when it is cross-spliced with the nonword bipe than when it is cross-spliced with the known word bite?).
To conclude, our study is the first to examine toddlers' sensitivity to subphonemic versus phonemic mismatch during online word recognition. Contrary to Minaudo and Johnson (2013) , our findings provide support for the claim that 2-yearolds use coarticulatory information to facilitate online word recognition (see also Mahr et al., 2015) . This study further shows that word recognition in 2-year-olds is far more disrupted by a phonemic mismatch than a subphonemic mismatch, supporting the notion that children's sensitivity to coarticulatory mismatch is fairly mature early on. An important goal for future work will be to better understand how infants and toddlers learn the information status of subphonemic patterns in speech, and how this information is handled by the emerging proto-lexicon. 4 Paired-sample t tests were run using empirical-logit transformed data from Experiment 1. Tests compared the mean difference between identity-spliced and cross-spliced tokens in trials where the splicing partner was known compared to when it was unknown. 
